Geometric acoustics has been used to study the propagation of sound waves in a homogeneous moving medium with sheared flow bounded by the hard walls of a duct. Differential equations, describing the ray trajectories and the spreading losses along each ray were developed and solved numerically for a range of centerline Math numbers and shear boundary-layer thicknesses. Results were obtained which show the effects of upstream and downstream sound propagation on the ray paths. A method was also developed to allow the calculation of intensity loss profiles at specified downstream cross sections of the duct.
INTRODUCTION
The transmission of sound through ducts and tubes is a subject which has attracted considerable attention re- increasing boundary-layer thickness and were found to cause higher sound pressure levels near the duet walls.
Eversman •ø found, however, that this refraction of sound for downstream propagation was less significant than for upstream propagation. Eversman also showed a pronounced decrease in acoustic wall liner performanee due to upstream refraction. Hersh, Beranek, and Newman n concluded that the effects of shear-layer refraction became significant when the ratio of shearlayer thickness to acoustic wavelength was equal to or greater than unity. In yet another study on boundarylayer refraction, Savkar t2 also concluded that refraction effects cannot be ignored for the high Maeh numbers and high frequencies typically encountered in turbojet engines.
The problems of finding normal-mode solutions to the wave equations for sound being transmitted in a duct with flow, and possibly with variable cross-sectional area, remain unsolved. A review paper by Nayfeb, Kaiser, and Telionis •a indicates the considerable amount of effort that has been applied to finding a solution. The best approaches at present seem to be numerical in nature and are based on various approximations. It seems appropriate, therefore, to consider an approximate solution to the problems in terms of geometric acoustics. Despite low-frequency limitations/4 the method has the advantage of simplicity and gives a clear picture of the sound field.
I. MODEL TO BE STUDIED
The model investigated in this study was a two-dimensiom/1 one. That is, the flow and sound propagation were assumed to occur between two parallel planes of infinite length and width. These "duet" walls were as- In accordance with the two-dimensional approach to this problem, the sound source was assumed to be a pulsating line source parallel to the y axis. 
mi. RAY TRACING EQUATIONS
In the presence of a sheared flow, acoustic rays do not remain straight but are bent in the x-z plane because of diffraction effects. A set of coupled nonlinear differential equations must be solved to find the ray paths through the moving medium. These paths represent the trajectories along which the acoustic energy of the sound wave is flowing. The derivation of these equations for the ray paths will be presented next. The phase velocity for the downstream rays was found to be greater than the phase velocity for the upstream rays. This result can be attributed to the component of flow in the direction of wave propagation. The ray velocity was also greatest for downstream propagation. The ray velocity has a significant effect on the distribution of energy in the duct, because energy flow is found from the product of intensity and ray velocity. Therefore, the total energy which flows through a given point in an instant of time is a function of both the intensity of the ray and the speed of energy transport along the ray.
IV. INTENSITY LOSS CALCULATIONS
The ray diagrams yield interesting information about the paths of propagation of the acoustic energy. However, it is also important to know the intensity of the sound at various locations in the duct. Consequently, the next step is to determine the intensity profiles Since the transmitting medium in this case is not infinite, however, it is necessary to find the boundary conditions using the same variables used in the spreading loss calculations. This derivation has been reported by Ugincius.
•9 Ugincius used length along the rays as his independent parameter, rather than time, t, as was used in this development. However, the spreading loss is a scalar point function and is thus independent of the ray parameters, as was proved by Warfield and Jacobson.
•'ø Similarly, the reflection conditions can be derived from first principles and shown to be independent 
Finding the five shortest ray paths was a major numerical calculation problem. The difficulty arose in trying to constrain the ray-trace solution to pass through a fixed end point at some unknown time along the ray path. An iterative scheme relying on complete calculation of the ray path, followed by initial angie correction and re-calculation, was found to be too time consuming. An approach which proved to be much more efficient was the ray sweep-out methodY •' Since the phase velocity varied only with height, it was possible to calculate each ray to its first wall reflection and from that to predict its final position relative to the receiver point. A Newton-Raphson scheme was then used to adjust the initial ray angie so that the next ray calculated would pass through the desired receiver point.
An arbitrary axial distance equal to one duct height (x* = 1) was chosen for summing the contributions from the rays. The arbitrary reference distance r o in Eq. 
